The Chinese jujube (Ziziphus jujuba Mill.) originates from sour jujube (Ziziphus acidojujuba Mill.) and is an economically important genus in the Rhamnaceae family. However, little is known about the genetic relationship between jujube cultivars and wild species. In this study, we estimated the genetic variation and relationships between 85 jujube cultivars and 55 sour jujube individuals by ISSR markers. Of 216 ISSR primers, 110 were able produce amplified product(s) and 28 showed polymorphisms, accounting for 50.9% and 25.5% of total primers respectively. A total of 89 loci were amplified with 28 primers, of which 42 loci (47.2%) were polymorphic, and most of primers exhibited highly PIC values.
40
Introduction 41 Chinese jujube (Ziziphus jujuba Mill.) and sour jujube (Ziziphus acidojujuba Mill.) belong to the 42 family Rhamnaceae. Chinese jujube (hereafter referred to as jujube) is an economically and 43 ecologically important species that is a popular fruit tree in Asia (Qu & Wang, 1993) . According 44 to archaeological evidence, jujube, which has been cultivated for more than 3,000 years, Research on the genetic diversity and phylogenetic relationships of jujube is beneficial 56 for jujube breeding and will help to elucidate the evolutionary history of jujube.
57
With the development of molecular biology theory and technology, the genetic diversity and 58 genetic structure of jujube have been studied using molecular markers, including amplified 78 sequence repeats (Liu et al., 2014) ; therefore, it is suitable for genetic diversity analysis using 79 ISSR markers. In the present study, the genetic diversity and population structure of 85 jujube 80 cultivars and 55 sour jujube individuals were analyzed by ISSR markers. The results revealed the 81 level of genetic diversity in the collections and the genetic relationships between jujube and sour 82 jujube.
Materials & Methods

84
Plant materials 85 In total, 140 samples included 85 cultivars from Chinese jujube and 55 individuals from sour 86 jujube (Table S1 ). These materials were planted in jujube germplasm resources of Luoyang 87 Normal University (Luoyang, Henan), which were acquired with permissions from the National (Table 1) . 136 The polymorphism per primer ranged from 16.7 (ISSR60) to 100% (ISSR-11 and ISSR-13) and 137 the average number of polymorphic bands per primer was 1.5 (Table 1) (Table 1) .
140 Thus, our results indicated that ISSR markers could be used to assess the genetic diversity and 141 population structure in these germplasms.
142 Genetic Diversity and Cluster Analysis 143 To examine the genetic diversity of 140 accessions in detail, we calculated their genetic 144 relationships using Unweighted Pair Group Method and Arithmetic Mean (UPGMA) cluster 145 analysis. Based on the unweighted neighbor-joining clustering, 140 accessions were divided into 146 two major groups (Fig. 2) .
147
Group I (G1) contained all of the jujube cultivars and seven sour individuals, and could be 148 further divided into four subgroups. The subgroups I (G1-I), III (G1-III), and IV (G1-IV) 149 included three jujube cultivars and two sour jujube individuals; two jujube cultivars and one sour 150 jujube individual; and one jujube cultivar and two sour jujube individuals, respectively.
151 Subgroup II (G1-II) included the vast majority of the jujube cultivars and one sour jujube 152 individual, and could be further divided into three clusters. The 41 cultivars in cluster I (C1) 153 mainly originated from northwest China; the 18 cultivars in cluster II (C2) mainly originated 154 from eastern China; and the 14 cultivars in cluster III (C3) mainly originated from central China.
155 Group II (G2) contained the other sour jujube individuals, and could be further divided into four 156 subgroups. These four subgroups (G2-I-IV) included 27, 16, four, and one individuals, 157 respectively. The results showed that the genetic relationships among the different jujube 158 varieties correlated somewhat with the origin of the variety, but there was no significant 159 correlation with the variety use ( Fig.2 and Table S1 ). 165 values gradually increased to K = 25, but variation was observed among the replicate runs.
166 Furthermore, our results showed that the highest value of △K was observed for K = 2, where all 167 of the accessions could be roughly divided into two major clusters (Fig. 3) . Using a membership 168 probability threshold of 0.6 (Chen et al., 2012), 94 accessions were assigned to group I, which 169 contained 85 jujube cultivars and nine sour jujube individuals. The remaining 46 sour jujube 170 individuals were assigned to group II (Fig. 4 and Table S3 ).
171
Statistical analysis indicated that the majority of accessions showed strong membership 172 values (Table S4) . In group I, 71 accessions (75.5%), including 68 jujube cultivars and three sour 173 jujube individuals, demonstrated shared ancestry. Similarly, 37 individuals (80.4%) had a high 174 proportion of membership in group II. The other accessions showed mixed ancestry from both PCoA also roughly divided the 140 accessions into two clusters (Fig. 5) , which was 177 consistent with the assignments generated by UPGMA clustering (Fig. 2) and population 178 structure analysis (Fig. 4) . The majority of sour jujube accessions belonging to cluster I were 179 distributed in the left half of the resulting plot. The rest of the sour jujube and all of the jujube 180 accessions belonging to cluster II were distributed in the right of the plot. The distribution of 181 cluster I was more widely scattered than cluster II, indicating that sour jujube had higher 182 diversity than the jujube cultivars.
Discussion
184 Numerous studies over the past few decades have focused on elucidating the complex genetic 185 relationships among different jujube varieties. In the present study, the genetic diversity of a 186 wide variety of jujube germplasm resources was evaluated, which provides an important 187 scientific basis for the efficient use of these germplasms. 190 0.492) and marker diversity (90.48%) of sour jujube were both higher than in jujube (Table S5 ).
191 One probable explanation is that the genetic diversity of the jujube varieties has been reduced as 192 a result of long-term evolution and artificial domestication. Population structure (K = 2) of 140 accessions.
Figure 5
The principal coordinate analysis (PCA) of 140 accessions using ISSR primers. 
